Abstract
Overview
As part of a recent project with Bell University Labs, our research group inherited a collaborative cnvironment that had been previously built in an attempt to facilitate ResearchAndustry collaboration. The environment supported several groupware features such as the ability to define a work space (lab) within the environment; add members to this space; control visibility of the created Lab to non-members. The environment also maintained a discussion space (similar to newsgroup postings), and some document management. The environment had not been evaluated for usability for wider use prior to this project.
To begin to understand how to evaluate this collaborative environment, we took two main approaches which we present here: reviewed the literature in virtual communities for evaluative approaches, and ran an evaluation of the environment itself. We promoted use of the environment by establishing it as the designated workspace for a graduate project course in Mechanical and Industrial
Engineering at the University of Toronto. There were 22 participants in the course. We used both the system use logs from that group as well as questionnaires and interviews with that group to understand the strengths and weaknesses of the environment. The environment was also used by other researchers, and by a small number of people from industry.
In both the review of previous work, as well as in our own evaluation, we found stickiness to be a significant problem: people may engage such an environment initially, but their use tapers off. If the environment were useful in supporting work, why would use taper off?
One of the significant findings of our work is that, while we began the studies of the environment focused on discovering the strengths and weaknesses of that environment, our findings lead us to consider the problem in terms of user profiles rather than simply usability. We describe these findings below.
In the following sections, we present: previous work in this space; some working definitions of virtual communities based on that work; previously discovered usability problems. We provide an overview of our approach to evaluating our collaborative environment in that context, an analysis of that evaluation, and a proposal stemming from that work for a methodology of evaluation, focused on user profiling.
Previous work
In recent years there has been an accelerating trend towards research partnerships between universities and industry as the advantages of applied research and technology transfer become ever more apparent [14] . Infrastructure is required to support these collaborative endeavours. In some cases, industrial research parks (e.g., in Oxford, England) have been created to facilitate interaction. However, the facilitation of research collaboration between university and industry continues to be a challenge, particularly in cases where it may be too expensive or otherwise impractical (e.g., due to geographic dispersal) to collocate researchers in shared office and meeting space. This has led to a number of initiatives for creating online communities that can provide some of the sense of the community that is normally gained by working together in the same The above questions address various components and properties of virtual spaces, but not the relationships between those properties and actual use. We need to know what it is about virtual spaces that make them more or less likely to "work" by being sufficiently engaging or useful to encourage active usage over a period of time. Thus we are particularly interested in the question: how well have these constructed spaces been used, in terms of exploitation of available services and "stickiness"? By stickiness, we mean, the amount of activity (both in terms of duration and transactions) that a person carries out in such a community over time. A recent survey of online communities such as the Palace and Agora, for instance, shows that maximal use of such spaces is approximately two weeks [7] . This small time frame begs the question: if you build it, they may come, but will they stay? And if they won't, what's the value of the service? The design challenges raised by this question need to be addresses as a matter of urgency in light of increasing trends towards the world of work "becoming virtual" [6] .
Attributes of vrtual communities?
The research literature on Virtual Communities (VCs) considers many types of VCs: those used primarily as places for social exchange; those used in education contexts and those used primarily for work or research. This paper focuses on the latter mission. Teresa Roberts's work questions the synchronous requirement for VCs. Her work on newsgroups suggests that the user's sense of community may not depend on real time interaction, but on the richness of asynchronous participation opportunities. These are measured in the following dimensions, rated by Newsgroup participants across a variety of groups: cohesion, effectiveness, help, relationships, language and self-regulation [l I]. Cohesion considered the stability of the Newsgroup: long time members to new users. Interestingly, gender played a role in the prediction of cohesion. For women, frequency and thoroughness of reading group posting were significant predictors. For men, the predictors were presence of women in the group, and the respondents' frequency of reading the group [ 1 11.
Effectiveness refers to how well a group is perceived by its users to meet its own stated purpose. Help indicates how helpful the group is at providing types of information or support within the topic area. Relationships investigates ways in which group postings lead to one on one type Communication. Language refers to the specific identifying jargon associated with a group, and whether this was an attractor or detractor for participation. Self-regulation refers to how well the group handles inappropriate behaviour [I 11. In each case above, Roberts suggests that frequency and thoroughness of use of a group are what lead to a group user describing that group as a community Pl]. We may extrapolate Roberts' finding to suggest that, for a virtual environment to be perceived as a virtual community, it needs to facilitate frequent and broad use of its resources.
Related to the above position, our group's recent work [I31 proposes a heterogeneous approach to VC construction/experience. Based on individual and group need within the VC, work group or research communities may need to interact in a variety of ways among different levels of the virtual work space, leading to a variety of tool requirements. As the lab grows to include new members from more locations, it may be necessary to add Chat-style services. Thus, the availability or otherwise of asynchronous communication cannot be a defining trait of virtual communities. Rather, a sense of community is promoted through appropriate tools for extending the styles of interaction relevant for that community.
Study environment
Once we have a working definition of the attributes of a VC we can come back to our earlier question. "If we build our ideal mix of tools and flexible infrastructure, and users come to use it once, will users keep using it?" The Evaluation component of the paper below shows how we have begun to address this question.
Overview of environment for study
The VC that we examined brings together an industrial partner with various research institutions to collaborate in the performance of research that is of both academic and industrial interest. The front end of the environment is a website. This virtual campus creates an institutional environment where participants can interact with each other in the site's conference and research centers. The participants can post documents, appointments, deliverables, etc. on the website. The works posted on the site are under the explicit control of the originator in order to protect and properly recognize the contribution of each participant.
The VC has five general areas: Labs, Pubs, Commons, Conference Center, and Library. The 'Labs' is a secure area where participants can discuss work in progress in private groups, allowing collaboration and technology transfer between the commercial and academic settings in focused teams. The content is secure until the work is published in the 'Library' or elsewhere by the author(s). The 'conference centre' is the area where a broader audience or the general public can participate in the work discussions. The 'Pub' is a free form-discussion area of the site. This area is completely open to new topics and many forms of discussions. The 'Commons' is a public event announcement area.
One of the features of the site is that it is designed to manage intellectual property so that different researchers and groups can post information to different labs, and different projects within the labs, in privacy, with the researchers determining who can see what information. The following section reports on initial evaluation of the site's first few months of operation.
Evaluation
During a period of approximately five months, seven labs were set up on the site, each containing one or more projects. Lab 1 was a collection of four research projects on a common theme that was carried out by teams of professors and research students, with some input from the industrial personnel. Lab 7 was set up towards the end of the evaluation period as a tool to support projects within a graduate class on mobile computing (participation in the lab was encouraged, but optional for the students). Of the eight project groups in that class, three groups chose to use the website during the evaluation period. Part of their course work was to consider and respond to a usability questionnaire as they interacted (or not) with the site. A number of evaluation methods were used, including analysis of server logs, and usability questionnaires, which will be the focus for this paper. Server logs were collected over a period of five months. Discarding all login duration which are less than 5 minutes, during the 5-month period, there was a total of 161 logins. The average login time for the users in the period was 17.6 minutes, where the longest login time was 79.68 minutes. Fifteen of the users of the collaborative environment filled out usability questionnaires.
Web site development is not solely the development of a single 'page'; it is the close interaction of the content, navigation, and appearance of the website, so that separate evaluation of any part of the web site alone is not enough [ 121. Consequently, the questionnaire used to evaluate the VC was based on Nielsen's ten heuristic for the web [IO], Garzotto and Matera's SUE methodology [4] , and the modified cognitive workload analysis [5] .
The questionnaire was divided into the following six categories (a copy of the questionnaire is available from the authors upon request):
--structure of the content's organization navigation of links used to explore the website's structure behaviour of functions and links of the website user control of available interaction components presentation of features shown to users, e.g. layout and visual appeal, and functionality of the component and amount of effort required Each of the items in these categories consisted of a statement with an associated rating scale for responses (a Likert type scale was used with five categories: strongly disagree, disagree, neutral, agree, strongly agree).
The sample size for the data reported below (approximately 160 log-ins and 15 usability --Which functions were used most frequently? Were users consistent in how they answered the questionnaire? Were there identifiable groups of users that could be differentiated based on their patterns of response (this question was addressed using cluster analysis)? Cluster analysis was carried out using IC-means (an iterative partitioning approach) and Ward's Method (a hierarchical agglomeration technique). All the analyses reported in this paper were carried out using SPSS for Windows, version 10.
The activity measurement of the virtual campus tabulated the number of postings in the various projects in the 'Labs' section. Postings include the number of word documents, discussion items, deliverable records, calendar events, and notes placed on the virtual campus. Inside the 'Labs' webspace, each project group has its own notice boards, deliverables, and workspace sections. The workspace section is further separated into discussion, document publishing, and calendar subsections. The number of postings in each section is recorded and is shown in the following results section.
Results
The number of sub-groups (projects) varies between the seven labs, which are relabeled alphabetically, e.g. Project 1A for the first project in lab 1. The profile of activity for each of the projects across the tools/functions in the workspace is shown in Table 1 , below. It can be seen in Table 1 that only one group used the notice board, and that the profile of tools used by each project varied considerably. Table 1 shows that document publishing was the most frequently used tool, with relatively low usage of the other tools. There was considerable variation in overall usage of the site and its tools between the different labs. Lab 4 was the largest user of the lab, using the document publishing feature exclusively. Figure 1 shows how much time users spent on each of the twelve listed features. In addition to document management category, users also spent a relatively large amount of time reading the information available on the webpage ("about"). The third most accessed was the 'Administration' category. This reflected the relatively large amount of administration that was required to create labs, project groups, and to set up member access rights.
The first cluster analysis used all the questions in the questionnaire. Using Ward's method, subjects were grouped into three main clusters ( Table 2 ). The numbers corresponded to the subject ID numbers and used in this case to signify cluster membership. Table 2 . Cluster membership for subjects using Ward's method A similar grouping was obtained using k-means cluster analysis with k=3 (Table 3 ). There were only three differences in the groupings obtained using the two methods, subject 3 was grouped with the first cluster (in k-means, but not Ward's clustering) and subjects 12 and 15 were swapped between two clusters for the two methods. The overall similarity between the two clustering methods increased confidence in the groupings obtained.
For interpretational purposes, the k-means clustering solution was chosen for hrther analysis. ANOVA was used to identify which of the questionnaire items contributed to the questionnaire effect (with cluster membership being used as a pseudo-factor). Question 2, 3, and 4 of the presentation section, questions 2-6 of structure section and question 3 of the navigation section all were significant questionnaire items (in terms of cluster membership).
The people in cluster one had 3-5 years of both Internet and collaboration software experience, used Intemet more than once a day and used Intemet collaboration software at least once a day. This group of users liked the screen layout (agreed to the statement for question 4 of presentation section: "The screen layout of the website is appealing"), but otherwise found the site difficult to use and poorly organized.
The second cluster contained people with more than 5 years of Internet experience and with 3-5 years collaboration software experience (using collaborative tools such as chat at least once a day). These users did not like the screen layout but were otherwise mostly positive about the site (they tended to agree with statements such as: "it is easy for me to find desired items on the website" and "the organization of materials on the website is easy to understand").
The people in cluster 3 tended to have less experience (3-5 years of Intemet experience but only 1-3 years of collaboration experience) and were generally neutral in their ratings of the site.
Separate cluster analyses were also carried out for different sections of the questionnaire (one for structure+navigation, S/N, the other for presentation+functionality, PE). Table 3 summarizes the clustering results that were obtained. Subjects 1, 3, and 5 were consistently unfavourable (cluster l), Subjects 1 1 and 15 were consistently neutral (cluster 3), and subjects 2, 4, 7, 8, 9, 10, and 12 were consistently positive (cluster 2). Subjects 6, 13 and 14 represented a potentially interesting group of people who differed in their level of approval between different components of the environment (as assessed using the questionnaire). Table 3 Clustering for different portions of the questionnaire (K-means method).
Stickiness and personalization
Increasingly, we expect computer systems to do more for us as the technology advances. We want systems that we can control more easily and that meets our needs rather than vice versa. It will be almost impossible, from an economic point of view, for developers to handcraft a slightly different version for each individual. Personalization, however, is possible with the development of interfaces and environments where users can create their preferred "version" without having major programming skills.
Personalization may also be implemented through adaptation. For an environment to adapt to a user, the system needs to adapt to the differences between individual users across: characteristics, abilities, interests, behaviour, needs and preferences [3] . Specific factors that might be relevant to use of a VC might include the user's level of spatial ability, their preferred learning style or field dependency; and personal 'profile' characteristics such as previous experience, age, gender or job requirement [2] .
The value of a VC can be expected to increase as people participate and contribute to the shared information base. In the case of the website that we evaluated, it appeared that there were problems both with usability and with motivation to use the site. As a result, the labs failed to reach a critical threshold where the communicational and information value of content on the site overcame the psychological and practical "barriers to entry". The lack of stickiness for the VC that we observed may have been partly due to usability problems and to the way in which participants were motivated (or not) to use the site. However, our early findings suggest that lack of personalization may also have played a role. The site tended to be used in different ways by different labs, and perhaps stickiness would increase if lab leaders were able to personalize each lab according to the needs and interests of the lab members and the joint tasks they perform. A personalized site would then assist in motivating and training group members, as there would be a consistent conceptual model of group activities reflected in the structure and functionality of their personalized view of the site.
Conclusions
The methodological outcome seems to be a proposal that has several components: one is a way to help determine, in the high cost operation of usability testing, who is likely to produce the most useful feedback for a given set of attributes. Profiling based on clustering, as illustrated in this paper, can be used to differentiate between subjects that have a more uniform attitude (e.g., favourable) to the environment being tested, and those that show more discrimination between the different sections of a usability questionnaire. The cluster analysis identified different groups of users with respect to attitudes towards site usability. We identified three groups of users, one with generally positive attitude, another containing people with generally negative views, and a third group of less experienced users with more neutral attitudes. In addition, we identified a number of individuals who were able to discriminate between different constructs (e.g., structure and navigation, versus presentation and fimctionality) when making their usability judgments.
We can characterize these subjects as "holistic" vs. "analytic" (discriminating) in nature. Based on understanding how people rate usability, and their requirements or expectations for different components of usability, it may be possible to build the kinds of customization needed for the groups into the environment, with some insights on how to make these tools accessible to those populations.
The relatively low usage in this preliminary study may be due to the prototype nature of the website and also to the fact that researchers were unfamiliar with the site. Researchers often chose altemative means of communication (for most of the researchers it was possible to communicate reasonably easy through other means, including face to face meetings) instead of using the site. This was partly because the information from labs for which a VC participant was not a member were invisible, which generally added to the impression that the site was fairly empty. This problem is somewhat like the catch 22 a restaurant faces when its empty because it has no customers and prospective customers lose interest because it is empty.
However, even with the limited amount of usage we observed it seems that usage varies across labs both in terms of overall activity and in terms of the specific functions or tools that are used.
Overall, the most popular activity was document publishing. This is the space where virtual campus members upload their work in progress to exchange with other members of the same project group. This activity was perceived to have high value because it meant that a single posting could "deliver" the document to anyone who participated in the project, and that group members always knew where to find the latest version of a document. This value was enhanced by the fact that most participants were unwilling or unable to post documents on a Website themselves using HTML or PDF authoring, FTP, etc.
The VC that we studied had a powerful set of tools, but was relatively little used during the observation period. In discussions with some of the site users (or intended users) we identified the following issues:
-Users were reluctant to move from or supplement the tools that they currently used to support their collaboration (file transfers, email, phone, face to face meetings, etc. The initial appearance of the Website tumed people off because it appeared to be empty of content.
